Tianeptine enhances while paroxetine inhibits serotonin reuptake into neurons; however, both show an antidepressive action. A subgroup of 38 depressed patients from a drug trial comparing the efficacy of tianeptine with that of paroxetine was studied with regard to their effects on sleep regulation, especially in relation to treatment response. We recorded sleep EEGs at day 7 and day 42 after the start of treatment with either compound, which allows measurement of changes due to the antidepressive medication in relation to the duration of treatment. Spectral analysis of the non-REM sleep EEG revealed a strong decline in the higher sigma frequency range (14-16 Hz) in male treatment responders independent of medication, whereas nonresponders did not show marked changes in this frequency range independent of gender. The patients receiving paroxetine showed less REM sleep and more intermittent wakefulness compared to the patients receiving tianeptine. REM density after 1 week of treatment was a predictor of treatment response in the whole sample. Psychopathological features with regard to the score in single items of the HAMD revealed predictive markers for response, some of which were opposite in the gender groups, especially those related to somatic anxiety. Changes in REM density were inversely correlated to the changes in HAMD in the paroxetine, but not the tianeptine, group. Our data suggest the importance of taking gender into account in the study of the biological effects of drugs. The study further points to the importance of the higher sigma frequency range in the sleep EEG of non-REM sleep and REM density as a marker of treatment response.
INTRODUCTION
Most studies that investigated the effect of antidepressants upon sleep agreed that tricyclic antidepressants and selective serotonin reuptake inhibitors (SSRIs) suppress rapid eye movement (REM) sleep (Sharpley and Cowen, 1995) . Some antidepressive substances lack a suppressive effect on REM sleep, like trimipramine (Steiger et al, 1989) nefazodone (Vogel et al, 1998) and bupropione (Nofzinger et al, 1995) . However, other studies show that early changes of REM sleep parameters, especially REM latency and percentage amount of REM during the sleep period time, might predict treatment outcome with substances, which have an accute effect on REM sleep like amitriptyline (Kupfer et al, 1981; Gillin et al, 1978) and clomipramine (Höchli et al, 1986) . Furthermore, changes in REM sleep, especially REM density, occur in the course of antidepressive treatment with fluoxetine (Buysse et al, 1999a) leading to an increase in REM density, whereas under nonpharmacological treatment (Thase et al, 1994; Buysse et al, 1999a) REM density decreases. In drug-free depressed patients, an increased REM density is a state marker of depression (Lauer et al, 1991) .
Concerning changes in non-REM sleep the actions of antidepressants are inconsistent. For example, some increase slow-wave sleep (SWS) as tricyclic antidepressants like amitriptyline and trimipramine, others decrease it, as SSRIs like fluoxetine and paroxetine (Sharpley and Cowen, 1995) . Besides these differences related to different drugs, gender also has to be taken into account for the interpretation of sleep-EEG characteristics. Gender differences exist in the sleep EEG of depressed patients under baseline conditions as a higher incidence of EEG delta activity (Reynolds et al, 1990) , more delta and beta EEG activity of a higher amplitude, especially in the right hemisphere (Armitage et al, 1995a) or power of the deltaand sigma-frequency range in females (Antonijevic et al, 2000a) . A challenge with growth-hormone-releasing hormone (GHRH) led to an increase in sleep efficiency and stage 2 sleep in males, but a decrease in female healthy and depressed subjects (Antonijevic et al, 2000a) . Recently a differential efficacy for SSRIs compared to tricyclics in men compared to women has been described (Kornstein et al, 2000) . With respect to the possible interactions between the type of drug and gender, we performed a study on the effect of two drugs with opposite actions on serotoninergic neurotransmission, that is, paroxetine as an SSRI and tianeptine as a serotonin reuptake enhancer (Mocaer et al, 1988) . This property might correlate with the opposing action of tianeptine and the SSRI fluoxetine on hippocampal electrical activity (Shakesby et al, 2002) . Furthermore, tianeptine decreases stress-induced HPA-axis activity in a similar way as desipramine, but different from paroxetine (Delbende et al, 1994; Connor et al, 2000) . Despite this diverging effect of the tianeptine and SSRIs, they have some properties in common as tianeptine and the SSRI sertraline showed similar effects in the Behavioral Despair Test and in antagonizing the behavioral effect of olfactory bulbectomy (Kelly and Leonard, 1994) . At the cellular level, the effect of tianeptine was similar to the tricyclic antidepressants imipramine, amitriptyline and desipramine and to the SSRI fluoxetine in inhibiting glucocorticoid-mediated gene transcription (Budziszewska et al, 2000) .
We performed the study in a subgroup of patients taking part in a study comparing clinical and endocrine parameters in patients with depression (Nickel et al, in press ). The subjects from this study were examined in the sleep laboratory for assessment of the changes in the sleep EEG in the course of the treatment. The aim was to define common changes in the sleep EEG of depressed patients in the course of treatment despite different modes of action of the antidepressant drugs, that is, to investigate which changes in the sleep EEG might be correlated with a treatment response independent of the type of medication.
MATERIALS AND METHODS
In a double-blind protocol, we compared the effect of tianeptine vs paroxetine in 44 patients with an episode of major depression. This study was approved by the Ethics Committee for Human Experiments of the Bavarian Medical Council (Bayerische Ä rztekammer). The patients were hospitalized for evaluation and treatment of depression. At initial evaluation, all had to meet the criteria for a major depressive episode or bipolar I or II disorder (depressed) according to DSM-IV (American Psychiatric Association, 1994 ) with a Hamilton depression (HAMD) score on the 21-item HAMD scale 418. To exclude spontaneous remission, the difference of the total HAMD score between selection and inclusion at day 1 (D1) had to be o6 points. Previous secondary and comorbid diagnoses were ruled out in an examination conducted by a senior psychiatrist. Other exclusion criteria were pregnancy or lack of effective contraception in women of child-bearing potential, a serious risk of suicide, a history of drug or alcohol abuse or dependence, and severe diseases like uncontrolled cardiovascular, neurologic or metabolic disorders. Concurrent medical conditions that required pharmacological treatment just before or during the study, which might influence the pharmacokinetics of the applied drugs or the endocrinological investigations (combined Dex-CRH test), were also considered to be the criteria for exclusion. During the study, no other psychotropic drug treatment was allowed except for chloral hydrate in a dose of up to 2 g/ day on an as-required basis. The prescription of somatic treatment without interference with depression was allowed. The patients were not treated with depot neuroleptics, fluoxetine and irreversible monoanime-oxidase inhibitors for at least 8 weeks prior to admission, and patients were drug-free for a minimum of 1 week prior to the study.
Patients received either 20 mg paroxetine or 37.5 mg tianeptine beginning at D1. At day 21 (D21), the same dose or double the dose, depending on treatment response, was administered until day 42 (D42). After D7 and at D42, an investigation of the sleep EEG was done. The assessment of psychopathology was done on D1, D7, D14, D21, D28, D35 and D42; we give here only the data of the 38 patients included in the sleep-EEG analysis at baseline (D1) and the days of the sleep-EEG examinations (D7 and D42).
After a night of accommodation, the subjects underwent a polysomnographic examination. The subjects were allowed to sleep between 23:00 and 7:00 h, which was also the time, when the light was turned off and the sleep recordings were made. The recordings consisted of two EEGs (C3-A2, C4-A1; time constant 0.3 s, low-pass filtering 70 Hz), vertical and horizontal electro-oculograms (EOG), an electromyogram (EMG) and an electrocardiogram (ECG). The EEG signals were filtered (EEG: high-pass 0.53 Hz, À3 dB; low-pass 70 Hz, À3 dB; À12 dB octave, band-stop between 42 and 62 Hz, À3 dB) and transmitted by an optical fiber system to the polygraph (Schwartzer, ED 24). By means of a personal computer, EEG signals were additionally sampled by an 8-bit analog-to-digital converter at a sampling rate of 100 Hz and stored on disk for further spectral analysis. Sleep EEGs were rated visually according to standard criteria (Rechtschaffen and Kales, 1968) by an experienced rater who was blind to the study protocol. The parameters used were: SOL F sleep onset latency (sleep onset defined as the first epoch of 30 s containing stages 2, 3, 4 or REM sleep) (min); time spent in each of the following sleep stages during time in bed: non-REM stage 2, SWS F slow-wave sleep (non-REM stages 3 and 4), REM; REM latency (interval from onset until the first epoch containing stage REM) (min); REM density (min À1 ) (the average ratio of 3-s mini-epochs of REM sleep including REMs to the total number of 3-s mini-epochs of REM sleep per minute); and the duration of intermittent wakefulness (IW) (min). Spectral analysis was initially performed on the distinct frequency ranges delta (0.8-4.5 Hz), theta (4.5-8.0 Hz), alpha (8.0-11.8 Hz), sigma (11.8-15.2 Hz) and beta (15.2-19.0 Hz) and thereafter additionally in three smaller ranges covering the sigma frequency band.
The evolution in HAMD and the sleep-EEG variables between D7 and D42 were assessed for significance with analysis of covariance (ANCOVA) for repeated measures with time under treatment ('time', ie value at D7 compared to value at D42) as the within-subjects factor defining treatment response. Furthermore 'gender' and 'drug' were used as between-subjects factors, and finally 'age' as the covariate to control for age effects. We computed 'global effects' using multivariate analysis of covariance (MANCO-VA) (1) for selected parameters after conventional sleep analysis and (2) for the five spectral ranges delta to beta. Additionally, the univariate statistics is shown to clarify which variables led to the differences. To test for changes in the higher alpha and sigma frequency range, we performed an additional analysis for three spectral ranges 10-12, 12-14 and 14-16 Hz, which behave differentially and therefore have to be separated (Antonijevic et al, 2000a) . To test further if there is a specific pattern of psychopathological characteristics that differentiates responders from non responders, an analysis of variance was performed at the single HAMD items using response (resp) (ie HAMD p10 at D42), gender and drug as factors and age as covariate.
A level of significance of po0.05 was considered significant. The cutoff for presenting the p-value when not significant was pp0.1. The data are presented as mean 7 SD.
RESULTS

Demographic Data
A total of 38 subjects from the study took part in two sleep examinations, one at D7 of treatment, the other at D42. Of the subjects, 21 received tianeptine as medication and 17 paroxetine. The age distribution by gender and type of medication was: paroxetine, male (n ¼ 9): 50.0 7 9.8 years; paroxetine, female (n ¼ 8): 50.8 7 15.2 years; tianeptine, male (n ¼ 8): 40.9 7 10.8 years; tianeptine, female (n ¼ 13): 49.5 7 11.8 years. Analysis of variance using gender and type of medication as factors did not reveal any interaction with respect to age. All patients were classified as unipolar disorder.
Treatment Response (Effect of time)
For the evolution of the HAMD values between D7 and D42, we found a highly significant effect of time (treatment effect; po0.001) without an effect of gender and drug and qualitatively no effect of age which was used as a covariate on treatment outcome (F ¼ 0.72, p ¼ 0.79). A trend for a gender Â drug interaction was revealed (F ¼ 4.0, p ¼ 0.054), which means that the effect of the two treatments tends to depend on gender. For male subjects, no drug Â time interaction was revealed (F ¼ 0.04, p ¼ 0.84), whereas a significant drug Â time interaction existed for females (F ¼ 8.3, p ¼ 0.01). Table 1 shows the HAMD values for the subgroups.
Effects on Conventional Sleep-EEG Parameters
For the analysis of sleep variables, we chose REM density, REM sleep duration (REM), slow-wave sleep duration (SWS), duration of stage 2 (S2), IW and REM latency. We corrected for age using it as a covariate within the MANOVA. We qualitatively could not find a global effect of age for the variables chosen (df 1, 33; F ¼ 1.0, p ¼ 0.47).
In the whole group, using the multivatiate analysis we found no global effect of time (F ¼ 1.9, p ¼ 0.113). Univariate analysis however showed a significant decrease in IW (F ¼ 7.9, po0.01) in the course of treatment.
A significant drug (F ¼ 16.7, po0.001) effect occurred with a markedly lower REM density and less REM sleep and more IW with paroxetine compared to tianeptine (Table 2) . Furthermore, a drug Â time (F ¼ 3.0, po0.05) interaction was revealed, mainly due to REM sleep parameters (Table  2 ), but no global interaction involving gender. Only a trend for a difference between male and female subjects existed for the selected variables (F ¼ 2.2, po0.08), but univariate analysis revealed a significantly higher amount of SWS (F ¼ 5.0, po0.05) and a prolonged REM latency (F ¼ 7.8, po0.01) in females compared to males. No time Â gender (F ¼ 0.88, p ¼ 0.53) and no time Â gender Â drug (F ¼ 0.20, p ¼ 0.97) interactions occurred in the global analysis and also not in any single variable.
As a result of the absence of a significant gender and gender Â time interaction, we split the groups with respect to drug regardless of gender for the further analysis. For paroxetine, we found a trend to a time effect (po0.1), with a significant change in REM density, REM sleep duration and the amount of waking (Table 2) . Tianeptine had no effect on any of the variables analyzed in the course of treatment.
Dependency of sleep changes with regard to treatment response. To further establish if sleep parameters distinguish responders and nonresponders we performed a MANOVA using response as a factor (cutoff: HAMDp10 at D42). The data for the responder and nonresponder groups are additionally shown in Table 2 . There was no global effect in any of the analyses containing response as a factor, but a significant univariate effect of response on REM density was seen (F ¼ 1.1, po0.05), that is, REM density distinguishes the responders from the nonresponders. Correlating changes in sleep with changes in HAMD in the course of treatment ('time'), we found a significant inverse correlation between the relative increase in REM density and the relative decrease in Hamilton depression score (F ¼ 5.7, po0.05) for the paroxetine group, whereas this effect could not be shown in the tianeptine group (Figure 1 ).
Effects on Spectral Analysis
We performed a MANOVA on the means of the spectral power ranges delta, theta, alpha, sigma and beta using age as a covariate. As a qualitative finding, the analysis revealed a significant dependency of these variables on age (df 1, 23; F ¼ 8.4, po0.001) due to a decline in the delta (F ¼ 16.2, po0.001), alpha (F ¼ 6.6, po0.05) and sigma frequency range (F ¼ 14.8, po0.001). This age-related change in sigma power was only due to a decline in the 10-12 Hz (R ¼ À0.41, po0.05) and 12-14 Hz (R ¼ À0.48, po0.01) band, but not in the 14-16 Hz band (R ¼ À0.14, n.s.). Using multivariate analysis, a highly significant effect of gender was revealed with a general increase over the whole spectrum (F ¼ 4.9, po0.01). There was however no influence of gender on the effect of time (gender Â time interaction).
A significant effect of drug (F ¼ 5.4, po0.01) due to differences in the sigma and theta range could be observed, revealing a significant different action of both drugs on the sleep EEG of non-REM sleep, but no drug Â time interaction occurred.
Multivariate analysis revealed a significant effect of time (F ¼ 5.93, po0.01), which is mainly due to a decrease of the EEG power in the sigma frequency range (F ¼ 11.3, po0.01). This effect is due to a change of the higher frequency (14-16 Hz) spindles (F ¼ 8.6, po0.01), whereas the changes in the lower frequency bands 10-12 and 12-14 Hz were not significant.
Dependency of the sleep changes with regard to treatment response. The group of responders and nonresponders in the whole group, using multivariate analysis, did not differ in EEG spectral parameter or with regard to the effect of time. However, a significant gender Â response interaction on the effect of time (treatment effect) existed (F ¼ 5.2, po0.01) due to changes in alpha and sigma power. We therefore split the group according to gender regardless of drug, which had no influence on the spectral changes in time despite the reported significant interaction of the spectral data with drug. The data are presented in Table 3a and b. To justify this procedure, we additionally tested the following results post hoc in the drug groups separately and found by trend the same effects (data not shown). Male patients showed a significant effect in time, which differed in responders and nonresponders: responders showed a significant decrease in the alpha and sigma frequency range, whereas nonresponders showed an increase in the alpha range (Table 3a) . Females presented variable changes with respect to treatment response.
Correlating the spectral changes with those of the single items of the HAMD, we found for the whole group a significant correlation between the change in delta power on the one side with the changes of the score of item 6 (early awakening) (correlation according to Pearson's R ¼ 7 0.48, po0.01), item 10 (psychic anxiety) (R ¼ 7 0.38, po0.05) and item 12 (decreased appetite) (R ¼ 7 0.38, po0.05), meaning that a decrease in delta power is associated with a Drug, time and drug Â time interaction given for total group (T). Additionally the values for responders (R) and nonresponders (NR) are shown. Significant effects within the drug groups for T are given as * for po0.05 or (*) for po0.1).
better normalization of early awakening, of anxiety and of decreased appetite. As both effects were variable in the total group, no statisticaly significant change of the means occurred. The change in sigma power was positively correlated with the change in the score of item 15 (hypochondriasis, better: relatedness to bodily complaints). After splitting the group according to genders for male subjects the correlation between the changes in item 6 and delta power was conserved (R ¼ 0.68, po0.05), whereas for females a correlation of the changes between item 12 and delta power (R ¼ 7 5.5, po0.05) and item 15 and sigma power (R ¼ À0.48, po0.05) were still present. In females, however, the correlation of the change of item 15 and sigma power is reversed to the total group. This shows that the general trend for the females with respect to the change in somatic complaints with sigma power, that is, that an increase in sigma power is correlated with a decrease in somatic complaints, differs from that of males and is similar to the general pattern of response to nonresponse with regard to gender (see Figure 3) . Differentiating the higher alpha and sigma band in the spectral ranges 10-12, 12-14 and 14-16 Hz, an effect of time (treatment effect) was revealed for the total group (F(1,28) ¼ 4.5, po0.05) due to the 14-16 Hz range (F ¼ 6.6, po0.05). A strong sex Â response Â time interaction (F ¼ 7.2, po0.001) existed due to changes in the 10-12 Hz (F ¼ 6.4, po0.05) and 14-16 Hz (F ¼ 14.8, po0.001) range. Splitting again into the gender groups shows that a variable and therefore nonsignificant effect on spectral analysis parameters occurred in females, but a significant time effect occurred in males (F ¼ 4.8, po0.05) as a result of a change in the 14-16 Hz range (F ¼ 16.4, po0.01). Furthermore, in males, a significant response Â time interaction (F ¼ 7.2, po0.01) due to the 14-16 Hz range (F ¼ 16.5, po0.005) was revealed (Figure 2 ) similar to the changes in the whole sigma 
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H Murck et al frequency range (s.o.). This specifies the 14-16 Hz range as being responsible for the response Â time interaction. The independence of this effect from the kind of medication has to be particularly stressed.
Outcome Prediction
In the next step, we correlated the HAMD scores at D42 with sleep parameters of D7 in order to find out predictive sleep parameters for the clinical outcome. We found that the REM density after the first week of treatment is a strong marker for the outcome in the paroxetine-treated patients, whereas this correlation did not exist in tianeptine-treated patients (Figure 3 ). Focusing on psychopathological patterns that might be related to the sleep-EEG pattern, we used the single items of the HAMD to perform a univariate analysis for every single item using drug, gender, and response as factors and age as a covariate. For none of the single variables was an interaction with drug observed. We found that high values of item 10 (psychic anxiety) and item 12 (somatic symptoms gastrointesinal, ie decreased appetite) are significantly related to nonresponse (po0.05), independent of gender. For item 2 (feelings of guilt), item 9 (agitation), item 11 (somatic anxiety) and item 15 (hypochondriasis), a significant gender Â response interaction was revealed, showing that males with high somatic complaints (items 11 and 15) respond worse (po0.05 for either item), whereas women with high somatic complaints respond better to treatment. High scores on feelings of guilt and agitation (items 2 and 9), on the other hand, predict nonresponse in males (item 2: po0.05; item 9: po0.1), but had no significant influence in females. (n = 7) (n = 6) (n = 12) (n = 7) females males Relative change in the 14-16 Hz range Figure 2 Relative change of EEG power in the 14-16 Hz range divided into gender comparing responders and nonresponders. Male and female subjects behave differentially concerning treatment response (for details, see text).
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DISCUSSION
The main findings of our study comparing the relation of sleep changes with two different antidepressant substances were firstly the finding that the power in the higher sigma frequency range of non-REM (14-16 Hz) decreased significantly only in male responders to treatment, but not male nonresponders and female patients, which was true regardless of medication. During the course of treatment, REM sleep duration and REM density increased in the paroxetine group (starting from a lower level), whereas in the tianeptine group REM density was not affected. REM density after 1 week of treatment predicted treatment outcome in the paroxetine group regardless of medication. A trend to a gender difference also existed in the efficacy of tianeptine and paroxetine. Qualitatively, responders and nonresponders to treatment can be separated by their symptom pattern. This differentiation was partially dependent on gender, but independent of the type of medication.
The changes in HAMD reported in this subgroup of patient from a bigger study are in agreement with the changes in the total sample (Nickel et al, in press ). Gender differences in the efficacy of serotoninergic acting drugs have recently been found for the treatment of obsessive compulsive disorder, with women responding better to clomipramine and fluoxetine compared to men (Mundo et al, 1999) . Similarly, women treated for depression respond less well to tricyclic antidepressants and better to SSRIs and MAO inhibitors (Kornstein, 1997; Kornstein et al, 2000) . These reports are in line with the data presented here.
The interpretations of the sleep-EEG findings are hampered by the fact that no pretreatment values exist for the sample. We chose a design focusing on the changes in the course of the treatment as a possible correlate of the adaptive changes, which seem to be more relevant as acute actions of antidepressants, since the latter can be very diverse (see the Introduction). For tianeptine, no human data on its acute effects are published. We can report here preliminary data of six patients from the present study (four male, two female; two responders, four nonresponders). In this sample the only significant changes were a decrease in REM density (2.5 7 0.7 after placebo vs 1.6 7 0.7 after tianeptine; po0.05) and in IW (70.3 7 45.7 min vs 61.4 7 41.5 min; po0.05). SWS increased by trend (18.8 7 13.0 min vs 40.9 7 39.8 min, po0.1). Stage 2, REM latency and REM density did not change significantly. This analysis is very limited by the number of patients and the impossibility to take gender and response into account. At least a strong REM-promoting effect of tianeptine can be ruled out. These findings are in line with those of the acute effect in rats (Mocaer et al, 1988) .
The gender differences in the sleep-EEG changes in the course of treatment described here point to a very basic rather than only a quantitative biological gender difference in the action of antidepressants and seem not a result of pharmacokinetic reasons alone. Here we presented a gender difference in the change of non-REM sleep spectral parameters in the course of treatment. The change in the sigma frequency in male subjects occurred regardless of the type of medication. It is important to note that two principally different types of spindles exist, those with a frequency of about 11-13 Hz and those with a frequency of about 14-16 Hz (Aeschbach et al, 1994; Tagaya et al, 2000; Landolt et al, 1996) . Gender differences in the EEG spectrum of non-REM sleep exist in young healthy subjects (Dijk et al, 1989; Antonijevic et al, 1999a) and in patients with depression (Antonijevic et al, 2000b) . Interestingly, the relation of the power of EEG activity of the higher sigma frequency range (14-16 Hz) to that of the delta frequency range (0.5-4.5 Hz) seems to be increased in male depressed subjects compared to healthy males, whereas depressed women do not show a difference compared to female controls (Antonijevic et al, 2000a) . This could possibly mean that an increase in the 14-16 Hz sleep-EEG activity is a state marker for depression in males only. In the study of Rem-density after 1 week of treatment (1/min) HAMD at outcome Figure 3 HAMD at D42 in relation to the REM density at D7. With paroxetine, the REM density at D7 is correlated to treatment outcome, whereas with tianeptine no significant correlation existed.
the sleep EEG in clinical trials, it is therefore necessary for the interpretation of the data to take gender into account. In one study, however, a decrease in the spectral power from 12 to 20 Hz, including the spindle frequencies, has been shown to be a marker of a stable remission from depression in a sample of unmedicated subjects including both males and females with a predominance of females (Kupfer et al, 1993) . Furthermore, both tianeptine and amitriptyline lead to a reduction of sleep spindles after acute administration in rats; however in this study a differentiation in high-and low-frequency spindles has not been performed (Mocaer et al, 1988) . This could point to the importance of this frequency range as a state marker for depression in general. Interestingly, the EEG power in this frequency range is increased by CRH administration in healthy subjects (Antonijevic et al, 1999b) and rats (Ehlers et al, 1986) , supporting an involvement of this peptide in the sleep-EEG changes observed in the course of antidepressant treatment and further pointing to its importance in the pathophysiology of depression (Holsboer, 1999) . Earlier studies examining if specific sleep-EEG changes under psychopharmacological treatment are linked to clinical response failed to do so (Mendlewicz et al, 1991; Heiligenstein et al, 1994) . These studies, however, did not take gender-differences into account. The reason for the gender-specific changes in the high-frequency spindles in the course of depression is not known, but it might be due to the influence of sex steroids as this frequency range is also mainly affected by the menstrual cycle (Driver et al, 1996) and by sex steroids like progesterone (Friess et al, 1997) . As alterations in the concentration of sex steroids are observed during depression (Baischer et al, 1995; Toren et al, 1996) , an interaction between endocrine chances and sleep-EEG changes in the course of depression seems likely. For SSRIs like paroxetine, it is suggested that their action depends on adaptive changes of 5-HT receptor function, especially a desensitization of pre-and postsynaptic 5-HT 1A -receptors and postsynaptic 5-HT 2 -receptors (De Vry, 1995) . These adaptive changes are widely affected by sex steroids (Halbreich and Lumley, 1993) . All these receptors act stimulatory at HPA-axis activity; thus, the adaptive changes during antidepressant therapy dampen its overactivity (Kent et al, 1998) . Further, estrogens have a stimulatory effect, while androgrens have a dampening effect on HPA-axis activity in several stress models in humans (Jezova et al, 1996) and rats (Gray and Bingaman, 1996) . Therefore, changes in their concentration could be related to the influence of these hormones on HPA-axis activity.
Another important structure involved in HPA-axis regulation and the pathophysiology of depression (Holsboer and Barden, 1996) is the hippocampus. This structure reacts sensitively to stress conditions with morphological changes, which might lead consequently to cognitive disturbances . In this model, corticosterone leads to a dendritic atrophy similar to chronic stress (Magarinos et al, 1999) . These atrophic changes show a gender-specific pattern (Galea et al, 1997) and can be prevented by tianeptine but not by the SSRIs fluoxetine and fluvoxamine . Similarly, a measure for the functional activity of the hippocampus, namely the propensity to induce long-term potentiation (LTP), can give further insight. LTP is related to not only cognitive function but also to emotionality-related learning paradigms as the model of fear conditioning, and shows a gender difference with a more pronounced LTP induction and enhanced fear conditioning in male rats (Maren et al, 1994) . Accordingly, estrogens reduce both LTP induction and fear conditioning (Gupta et al, 2001) . Further, both fear conditioning and LTP are increased by CRH (Blank et al, 2002) . Neonatal isolation, which is a model of depression (Heim and Nemeroff, 2001) , leads to an increase in LTP, which was more pronounced in male than in female rats (Bronzino et al, 1996) . These observations suggest a dependency of LTP on the endocrine environment. Acute inescapable stress also leads to a reduction of LTP via a glucocorticoid-receptor-dependent mechanism in a similar way as the administration of the SSRI fluoxetine (Shakesby et al, 2002) . The reduction of LTP by both could be blocked by tianeptine without a change in corticosterone concentration. This finding points to a direct effect of tianeptine at a functional property of the hippocampus, which seems to be independent of endocrine changes. As, however, LTP shows gender differences tianeptine also should have a gender-specific effect. It could well be that differences are not revealed in our study owing to the small number of patients and the general heterogeneity of depressive disorders.
As we saw, a pronounced difference not only in the sleep-EEG findings but also in the psychopathological predictors of males compared to females and the partial divergence between changes in sleep-EEG parameters and psychopathological parameters reveals the complexity of the situation. This shows that the psychopathological classification, and also the classification based on 'hard' data similar to those derived from the sleep EEG, cannot be taken solely, but always has to respect other possible factors, as shown here for gender.
Another finding was the predictive value of the REM density at D7 for the treatment outcome, which was only true for the paroxetine group but not for the tianeptine group. Since we did not perform a polysomnography at baseline conditions prior to drug treatment, it remains undetermined if the REM density at D7 reflects more the baseline value or the action of the medication. However, a similar association between a high REM density at baseline and poor response was observed with therapeutic sleep deprivation (Clark et al, 2000) . One important aspect of the REM density is that it is a marker of depression in drug-free subjects and independent of gender (Lauer et al, 1991) . It is affected by SSRIs (Hendrickse et al, 1994; Armitage et al, 1995b) in depressed subjects, and by sleep deprivation in healthy controls (Murck et al, 1999) and depressed subjects , but not by tianeptine in depressed subjects, as presented before. A study using REM latency under medication-free condition as a predictor for the response with fluoxetine failed to do so (Heiligenstein et al, 1994) . On the other hand, initial response of slow-wave EEG activity (Kupfer et al, 1989) and REM suppression (Höchli et al, 1986) to clomipramine and REM suppression to amitriptyline (Kupfer et al, 1978; Gillin et al, 1978) seems to have a prognostic value for clinical outcome. Comparing the figures of REM density in our study at D7 under the two different drugs, we submit an initial REM density suppression by paroxetine, which is followed by an increase in REM density in the course of the treatment. This increase might accompany treatment response. Earlier studies showed that the REM-density was increased in women treated with fluoxetine even after the drug was discontinued compared to a pre-drug condition (Buysse et al, 1999b) , whereas, in contrast, depressed patients treated nonpharmacologically show a decrease in REM density in the course of treatment (Thase et al, 1994; Buysse et al, 1999b) . This points to a complex interaction of different structures involved in REM-sleep regulation. An example for such an interaction is that 5-HT 1A receptors, which undergo adaptive changes in the course of antidepressive treatment, mediate an increase in REM sleep if activated at the dorsal raphe nucleus (Bjorvatn et al, 1997) , but decrease REM sleep if acting at pontine cholinergic nuclei (Sanford et al, 1994) . This also shows that changes in the profile of the sleep EEG have to be interpreted with care.
Important limitations of the study exist. Firstly, it lacks the inclusion of baseline characteristics; therefore, the prediction of response by sleep-EEG variables was influenced by the medication. Further, we did not take the dose of the medications, which was allowed to be increased according to clinical response, or plasma levels into account. However, at least clinical response does not show a strong correlation with the dose, if it is beyond a certain level (Bollini et al, 1999) . Additionally, because of the small number of subjects and the multiple comparisons, it might well be that more subtle changes than those described here could not be observed. Further, for the EEG parameters, we only used mean values of the total night. This might leave important effects of drugs unrevealed, as within one night the effects can be confined to specific time zones, possibly as a result of rapid adaptive changes . Lastly, it might well be that a characterization simply by using HAMD scores on the basis of an ICD-10 diagnosis of a depressive disorder includes a very heterogeneous group of patients, and a more syndrome-related differentiation might be more necessary to describe the effects of drugs more specifically (Murck, 2002) .
In conclusion, we found no significant differences between tianeptine and paroxetine regarding efficacy, but a trend to a better efficacy of paroxetine in females. Paroxetine showed the known classical effects of SSRI on REM sleep, whereas tianeptine was devoid of REM effects. The effects of the treatments on spectral analysis parameters of the non-REM sleep EEG differed depending on gender, but were independent of the type of medication. The decline in higher frequency sigma in male responders was seen with both medications. Our findings of a differential change in the non-REM EEG activity with respect to gender but independent of medication point to a basic difference in the sleep regulating system in men compared to women. The attempt to correlate sleep-EEG parameters with psychopathological variables led to the finding that the presence of somatic complaints predicted response in females and nonresponse in males, and an increase in sigma power in females correlates with a decrease in this symptomatology. However, regardless of gender, REM density is of predictive value for the clinical outcome and parallels changes in clinical response with paroxetine.
